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Abstract: Occupational eye injuries (OEIs) remain a major public health issue despite regulatory efforts toward increasing protective
eyewear use. OEIs encompass a wide spectrum of trauma, from superficial injury to tissue melt and globe rupture. These injuries are
associated with substantial medical, economic, and social burden. This narrative review identifies risk factors associated with OElIs,
differences based on workplace, and barriers to OEI prevention. Risks for OEI include male sex, low educational attainment, low
income, or being a temporary or migrant worker. Certain industries such as metalworking, construction and manufacturing, chemical
handling, and agriculture, also carry unique ocular hazards that predispose workers to OEIs. Although many OEls are minor, those that
cause severe injury can result in permanent visual loss and blindness. Industrial and construction workers are frequently exposed to
high-velocity foreign bodies (FBs) and blunt trauma, while agricultural workers are at elevated risk for open globe injuries, FBs and
the vision-threatening sequalae of infection from organic material. Chemical injuries, although less common, are notable for high rates
of bilateral eye involvement, often requiring urgent intervention. Unfortunately, most OEIs occur in the absence of proper protective
eyewear. Barriers range from discomfort and poor fit, inadequate access, and lack of perceived need, all of which contribute to low
compliance in various occupational settings. Current evaluations of behavioral and regulatory interventions to increase adherence show
promise but with mixed results. Advances in protective eyewear technology that optimize comfort and usage tracking may be helpful
for employers to ensure compliance. A comprehensive understanding of OEI mechanisms and the obstacles to increased protective
eyewear use is critical to mitigate the impact of OEIs on workers.
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Introduction
Occupational eye injuries (OEls) are defined as ocular trauma sustained in the workplace. To mitigate the risk of work-
related eye injuries, the Occupational Safety and Health Administration (OSHA) mandates employers to provide ocular
protection against chemical, environmental, radiologic, or mechanical hazards.' Both federal and state level regulations
not only require precautions, but also the availability of emergency eyewash and shower facilities in the event of an
injury. According to the US Bureau of Labor Statistics (US BLS), the incidence of OEIs has declined in some sectors.”
However, OEIs remain a significant public health concern, with over 38,000 cases recorded by the US BLS in 2021
alone.® Given the wide variety of mechanisms that can cause an OEI, they can range from corneal abrasions to vision-
threatening open-globe injuries (OGls). The true incidence of OEIs is likely underestimated, since reported cases are
likely to comprise more severe injuries. For instance, examinations of OGIs in an agricultural region found over 20% to
be attributed to industry or workplace injury,* and a study of closed globe injuries (CGIs) presenting to a tertiary trauma
center also reported over a fifth of cases to have occurred at work.® The workplace has been previously documented as
one of the most common settings where globe injuries occur.’

Vision-threatening OEIs impose significant medical and economic burdens for patients.”* In addition to medical cost,
individuals face potential loss of vision”'® and decreased quality of life. Some patients can develop severe psychological
distress after a workplace injury.'"'? Eye injuries also result in loss of working days and decreased productivity. In
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a study of 387 perforating eye injuries presenting to Helsinki University Eye Hospital, 36% were occupational. Among
these, 4% of patients had to change profession, and 5% became permanently disabled.'®> Punnonen'? also found a mean
hospital stay of 20 days both overall and among those suffering from an occupational injury, with an average sick leave
of 80 days overall compared to 90 days in OEI. An analysis of cost after work-related eye injuries in Malaysia reported
even higher indirect costs (time off from work and value of permanent disability or workers’ compensation) compared to
direct medical cost in 884 cases.'* Annually in the US, OEIs have been estimated to cost over 300 million USD in lost
productivity, 924 million USD in medical treatment and workers’ compensation, and 4 billion USD in wage and
productivity cost.!

Given the considerable morbidity and economic impact of OEIs, a greater understanding of the types of eye injuries
that occur in various occupational settings is critical. This narrative review aims to characterize the risk factors associated
with OEIs and explore worker behaviors surrounding ocular safety in the US and abroad. This study provides an
overview of the spectrum of OEIs by epidemiologic factors, job type, differences in injury mechanisms, and visual
outcomes. Understanding these topics is critical to analyze existing OEI prevention strategies and identify areas for
innovation and improvement.

Methods

A comprehensive literature search was conducted using the PubMed database in July of 2025 to identify relevant recent
studies including primary research, meta-analyses, and review articles. The initial search identified 126 articles published
between January 2015 to July 2025. A combination of Medical Subject Headings (MeSH) and free-text search terms
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were used: “occupational”, “occupation”, “employment”, “work”, “work-related”, “workplace injury”, “eye injury”, “eye
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injuries”, “ocular injury”, “ocular injuries”, “eye trauma”, “ocular trauma”, “industry”, “industrial”, “construction”,
“manufacturing”, “utility”, “welding”, “welders”, “electrical”, “electrician”, “plumbing”, “chemical”, “chemical injury”,
“ocular burn”, “agriculture”, “agricultural”, “farming”, “agricultural injury”, “harvesting”, and “military”. Boolean
operators (AND; OR) were applied to refine the search results. Relevant peer-reviewed, full-text manuscripts authored
in English were examined. For topics of interest with a lack of recent published literature, time constraints were removed

to identify relevant studies for inclusion.

Epidemiology of Occupational Eye Injuries

The epidemiology of OEIs clarifies which populations are at higher risk for these injuries. The American Optometry
Association describes workers employed in construction, manufacturing, mining, carpentry, auto repair, electrical work,
plumbing, welding, and maintenance as high risk for occupational injury.'® Several studies have produced data to support
this claim;*'>!'7"'® however, this list is not exhaustive. Meta-analyses have identified male gender, under-use of eye
protection, exposure to hazards, risk taking behavior, and the use of mechanical force to be common features in those
who suffer from OEIs.'*?° Male gender has been well established as a risk for OEI, possibly due to higher representation
in some professions?' and greater prevalence of high-risk behaviors.”? Lee and Samarawickrama reported almost 90% of
CGls presenting to a tertiary trauma center occurred in males,” and Syed et al*' found a higher incidence of injuries in
male employees compared to their female counterparts, even in industrial sectors with a greater portion of female
workers. Other behavioral risk factors, such as cigarette smoking, may also modify the risk of ocular trauma in the
workplace.”

The average age of individuals affected by OEls is consistent with the expected working age. An evaluation of work-
related ocular trauma from the National Trauma Databank found a mean age of 40.7 years old,>* with a similar average
age reported in other studies conducted in the US® and abroad.”>® There is also evidence suggesting a trend toward
greater use of eye protection with increased years of job experience.?’ Higher levels of educational attainment are also
protective against OEIs.”® Conversely, low socioeconomic status has also been linked to increased risk for OEIs, likely
owing to an increased exposure to high-risk occupations.'® This association may also be attributed to the possibility that
more educated individuals may have better access to and understanding of safety materials.”> When controlling for age,
race/ethnicity, health status and insurance, and risk-taking behaviors, men with lower household incomes and high school
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education or less were at greater risk for an OEI compared to male counterparts.>> Notably, this trend was not observed
among female workers.??

Experiencing a previous OEI has been described as a protective factor through increased adherence to eye
protection.”® A met-analysis of ocular protection practices among welders in sub-Saharan Africa found pre- and in-
service training, previous experience as a welder, and a history of ocular injury to be associated with ocular protection
practices.”® Blackburn et al also investigated changes in the use of protective eyewear following OEI in Alabama, where
workers were more likely to wear eye protection after having an OEL?’ Those who did not endorse changes in habits
attributed this to a lack of perceived need, interference with work, and discomfort.?’

Of note, certain populations of workers may be at elevated risk compared to their coworkers. Evidence has been
1.> However, Gobba et al highlighted an
increased chance of OEIs among foreign workers, who were found to have a 50% higher injury risk.” Temporary workers

mixed on whether certain racial and ethnic groups are at higher risk for OE

may also be more likely to experience an OEI compared to their permanent counterparts.”’ Meta-analyses of occupa-
tional injuries as a whole have identified migrant workers, commonly employed in agricultural, construction, and
manufacturing sectors, as having a high prevalence of workplace injury.>® These data could also reflect that a higher
percentage of migrant workers are employed in high-risk industries. It may also suggest disparities in occupational safety
training and resource allocation, or differences in the implementation of safety protocols based on worker demographics.

Ocular Injuries by Occupation

Although many studies of occupational injuries evaluate OEIs occurring in the workplace as a single cohort, a more
detailed understanding of risk factors present within different sectors can highlight specific hazards present in each
environment. Industrial, chemical, and agricultural settings have been heavily reported as common sites of OEIs in the
literature. Overall, common OEIs include corneal foreign bodies (FBs), open globe injury, lamellar laceration, anterior
chamber hyphema, traumatic cataract, and chemical burns.'®

Industry

The term “industrial sector” is broad and often poorly defined in individuals presenting from these settings. A review of
the National Trauma Databank found that most work-related trauma occurred in industrial facilities.** Although some-
times classified separately in OEI studies, industrial jobs can include welding, construction, manufacturing, utility/
maintenance, and related fields. Industrial workers have been previously suggested to have the highest rate of workplace
ocular trauma compared to other occupations.”' For instance, a single-center analysis of OEIs found 47% of presenta-
tions attributed to metalworking, 27% to construction, 10% to electricians and carpenters, and 17% to other workers.*? In
this study, over 80% of cases with presented with a visual acuity (VA) 20/30 or better and only 5% presented with VA 20/
80 or worse.”” This exemplifies an overall pattern observed in OEI severity among industrial workers; although most
injuries are minor, OElIs still carry the possibility of severe vision loss. The risk of blindness varies based on the nature of
the work.

Metalworking, including welding, is a source of ocular hazard in industrial settings. This broad field encompasses
shaping and assembling metals for a wide range of purposes, including construction and manufacturing. Metalworkers
frequently utilize lathes, milling machines, grinders, and drills, all of which can generate high-speed debris that can cause
OEIs. Similarly, welding involves cutting and fusing metals using heat and pressure sources. Welders can be exposed to
sparks, molten metal, and high intensity ultraviolet or infrared radiation. Interviews with welders highlight themes about
concerns of fumes and sparks “getting into the eyes” in the setting of mixed reports about eye protection usage.>> As with
other OEIs, the majority of injuries observed in metalworking are not vision-threatening. For instance, an evaluation of
metalworkers mainly belonging to the unorganized sector in India found that most sustained mechanical injuries that did
not require any treatment for recovery.** CGIs are also commonly observed with metal grinding.*®> However, that is not to
discount the impact of severe injuries in this setting. A review of patients requiring enucleation or evisceration following
ocular trauma over 20 years in a Chinese tertiary care center found the majority of patients to be physical laborers
(70.7%), with the most common cause of eye removal attributed to occupational injury (44.1%) and metal- or nail-related
wounds (59.7%).%¢
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Interestingly, bilateral and recurrent injuries have also been reported more frequently among metalworkers.
A questionnaire study of welders in Ghana found that 47.9% of employees self-reported an eye injury, and most
(83.6%) endorsed bilateral injury.37 A higher proportion of OEIs were reported among electric/arc welders
compared to gas welders, and most OEIs were chemical in nature.’’” Another examination of OEIs that followed
workers for a year also found that four percent of individuals analyzed, all of whom were employed in the
metalworking sector, had a second OEI from a metal FB within the same year.” The presence of bilateral and
repeat injuries among metalworkers suggests not only a high level of exposure to hazards but gaps in consistent
and effective use of protective eyewear. This underscores the need for additional oversight and intervention.

Construction workers also face a broad spectrum of hazards in the workplace through building, renovating, and
demolishing structures. This sector often includes those working in roofing, painting, plumbing, and electrical
installation, among other tasks.’® Individuals in construction often perform jobs that use a variety of equipment,
materials, and work in different settings, introducing significant variability in the workplace. This setting exposes
construction workers to high-speed debris, chemical agents, falling objects, etc. Incidence reports of occupational
injury in West Virginia found that that per 100,000 construction workers, 593.3 suffered from FBs, 490.6 from
superficial injury, 61.6 from keratitis, 56.5 from chronic conjunctivitis, and 41.1 from ocular burns.?! CGIs have
also been associated with construction workers, frequently manifesting with traumatic cataracts or gross
hyphemas.*”

In the US, construction has been identified as a common mechanism for OGL.*

The use of nails and nail guns,
which occurs frequently in construction, has also been significantly associated with occupational OGIs.>> The
Helsinki Ocular Trauma Studies have highlighted high-risk features of OEIs. Although OEIls frequently result in
minor trauma, the occupational setting is a major risk factor for serious injury resulting in permanent visual
impairment.'®*> Examination of ocular injuries caused by work tools, most commonly occupational and from
nails, also found the use of tools to be closely associated with permanent visual impairment compared to other
etiologies of ocular trauma.”” Nails and screwdrivers have been previously reported as common causes of OGIs
the workplace, which likely contributes to the poor visual prognosis.'® Kolomeyer et al*® reported on nail-gun
induced OGlIs, the majority of which occurred at work. These eyes mainly suffered Zone I injuries with concurrent
vitreous hemorrhage and hyphema with subsequent retinal detachment occurring in 23% of cases. Although most
individuals had improvement in final VA, 7% became phthisical or prephthisical, and 2% were enucleated for
pain.*°

Perforating eye injuries, which confer significant risk for low vision, blindness, and enucleation, have also been
observed in construction and industrial work."? Tlhan et al*' compared OEIs among construction versus manufacturing
workers and found higher rates of OGIs and retinal detachments in construction workers. In comparison, the manufactur-
ing setting was more associated with chemical injury and worse final VA (hand motion or worse).*' A greater association
between concomitant bone fracture and head trauma with OEIs was also observed among manufacturing employees.“
Similar to construction, manufacturing also is diverse in the nature of work that employees engage in, and their
involvement in grinding, cutting, soldering, compressed air use, and drilling can frequently be a source of ocular
trauma.”'’ Among manufacturing workers in West Virginia, the reported incidence per 100,000 of most common
OEIs was 533.1 for FBs, 402.4 for superficial injuries, 73.5 for ocular burns, 71.0 for keratitis, and 43.6 for chronic
conjunctivitis.*!

As with other industrial OEls, while severe trauma in manufacturing can have long-lasting consequences, not all
injuries are severe. In other countries, manufacturing has also been a common culprit of OEIs. A survey of sawmill
workers in Nigeria documented that almost 80% had suffered an ocular injury, most commonly a superficial FB (68.8%)
or blunt trauma (27.6%) from sand/sawdust particles (47.1%) or work tools (31.2%).** Another review of almost 900
industrial workplace reports involving eye injuries in Malaysia found reports mostly originating from the manufacturing
sector.'* The most prevalent mechanism was impact from a fragment/flying particle. In this cohort, most injuries were
categorized as mild (45%) compared to moderate (36.8%) or severe (18.2%), and 94.5% of all workers returned to work
after being treated.'*
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Chemical Injuries

Chemical ocular injuries in the workplace predominantly manifest as ocular burns.*® These burns present an urgent
workplace hazard because, if not promptly irrigated and treated, they can result in serious long-term complications,
including limbal stem cell deficiency, corneal scarring, and glaucoma.** Epidemiological evaluations of chemical OEIs
found demographics consistent with other OEIs, with male predominance in the age 25-50-year range.**¢

Chemical OEIs occur in various settings. One epidemiological study of ocular chemical burns in Spain demonstrated
that the service industry accounted for 62.08% of burns, construction 20.86%, agriculture (including farming, fishing, and
forestry) 4.96%, and extraction industries 0.33%.% Since almost half of workplace injuries with chemical products
impact the eye, cleaners, workers, and technicians are at particularly high risk of incurring ocular burns.** Although
chemical ocular burns occur more frequently in industrial settings, various studies have demonstrated a higher prevalence
of chemical ocular burns in the summer months, which could be attributed to cleaning staff using chemical cleaners in
pool or spa settings.*>*

Agents involved in chemical ocular burns can be classified as alkalis and acids.'®***® Notable agents include
pesticides, lye, toilet cleaner, battery acid, industrial acid, silicone production materials, and glass polishing materials.
Various alcohols can also cause OEL***’ The occupational setting in which burns occur often correlates with the
causative agent; for instance, industrial settings more commonly have burns associated with battery acid or silicone
production materials, whereas cleaning industries have a greater incidence of pesticide- or toilet cleaner- related burns.
The extent of injury severity depends not only on the chemical type, but also the duration of chemical exposure to the
eye.* For this reason, immediate recognition and access to eyewash stations are imperative to decontaminate the eye and
reduce damage inflicted from these agents.

Common clinical diagnoses of patients with occupation-related chemical ocular burns include limbal ischemia,
conjunctival ischemia, cornea epithelial damage or loss, corneal stroma haze, eyelid edemas, and obstruction of the
pupil by corneal opacities.****** Limbal and perilimbal ischemia are commonly used as primary indicators of the burn’s
damage to the eye,** and the Roper Hall (RH) and Dua grades provide classification systems to categorize the clinical
severity.*® In one five-year study performed in India, the most common severity was Dua grade 1 (73%) and RH grade 1
(75%), but 9% of eyes had Dua grade IV or higher.** Kate et al also found a close association between visual morbidity
and increasing grade of injury. Those with injuries equating to Dua grade III and above required far more surgeries as
well, rising from approximately 10% of patients requiring surgery in grades I and II, and up to 80% in grades III and
above.** Furthermore, examination of severe chemical ocular injuries in the UK found high rates of complications at six
months, including central corneal scar, persistent epithelial defect, and symblepharon. A significant need for surgical
intervention was also observed, most commonly amniotic membrane graft and tarsorrhaphy.*®

A unique characteristic of chemical OEIs is the increased frequency of bilateral injuries. Various studies report
a significant rate of bilateral burns, ranging from 40% to 60% of patients in a given cohort.*****° This high incidence of
bilateral injury may contribute to the psychosocial and economic stress associated with these burns.** For this reason, an
important metric to consider when examining injury severity is the economic impact incurred on the patient. One study
performed in Spain found that 75% of patients required up to seven days off from work, 20.86% required 8-30 days, and
some had permanent disabilities.** Although effects on patient incomes may vary, any delay from return-to-work could
be devastating for low-income households, particularly if the injured individual is the primary income earner. Another
study in China examining the socioeconomic impacts of chemical ocular burns found that the patients’ personal and
household incomes had statistically significant decreases after surgery, and the reduction of these incomes increased with
injury severity.*’ Many patients also reported emotional depression or anxiety following their incidents. Although these
economic and personal factors are not often highlighted in the literature, they have significant consequences for affected
individuals.

Agriculture

The International Labor Organization categorizes agricultural activity as hazardous work,”® and various studies
demonstrate a high incidence of agriculture-related OEIs compared to other workplace environments.”>' Common
environments that predispose workers to agricultural OEIs include rural areas, developing nations, and low- and
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middle-income countries, where there is typically less mechanization of farm work and lower usage of personal
protective equipment.’'>* Agricultural OEIs are most frequently observed in traditionally rural and agrarian regions,
particularly across South and East Asia, rather than in more commercial farming sectors found in the United States,
although US migrant workers face similar risks as rural workers elsewhere.’®>> Janani et al found that agricultural
OEls occurred primarily during general farming tasks, such as operating machinery or harvesting crops (59.7%);
followed by basic farming tasks, such as planting seeds or weeding (18.4%); gardening (12.3%); and farming and
animal husbandry (9.4%).* Additional factors, such as fatigue, poorly-designed tools, exposure to extreme weather,
and prevalence of poor health in agrarian areas, significantly augment the risk of accidents and contribute to the high
incidence of agricultural OEIs.”®

While the agents causing OEls can vary between agricultural settings, the most common sources are FBs such as
branches, thorns, or flying particles while cutting or harvesting, and other debris from grass trimmers.>*>> For example,
a study examining grape shelf eye injuries in Japan found that 36.7% were caused by wires, 36.7% by flying objects
while handling grass trimmers, 16.7% by branches, and 6.7% by pipes.” Similarly, a nine-year study in Bosnia found
that 25% of work-related ocular injuries were due to plant or lawn materials.’' Investigations of other agricultural fields,
such as rice harvesting, report similar findings.>® Another significant agent is UV radiation, as prolonged sun exposure
can result in multiple vision-impairing injuries.>*>> Chemical and biological hazards are not as common in agricultural
OEIs, but still play a role, potentially through exposure to pesticides/insecticides, or via fungal or parasitic infections
following penetrating injuries.”*>* Although it is rare, infectious keratitis is a sight-threatening disease that can follow
these penetrating injuries, and it is associated with significant economic and societal burdens, in addition to ocular
morbidity.>®

Clinically, severe agricultural OEIs often present as OGlIs. A study of OEIs in Northern Thailand, where agricultural
workers were found to have a high rate of OGlIs, reported that these OGls often manifested with IOFBs, endophthalmitis,
and retinal detachment.®® Kikushima et al also reported high rates of IOFBs, but they noted lower rates of retinal
detachment (only 10.0% of their cohort). Instead, full- and partial-thickness corneal penetrations were most common
(56.7%).>> In West Virginia, superficial injuries, FBs, and atopic conjunctivitis had the highest incidence among OEIs of
agricultural workers.?! Other prevalent injuries include contusions, lacerations, and corneal ulcerations, as well as severe
cataracts, pterygium, or corneal erosions caused by ultraviolet (UV) radiation.**>>’ UV radiation constitutes
a significant occupational exposure for agricultural workers that manifests outside of acute injury. For instance,
a study of occupational ocular morbidities performed in India found that pterygium in 16.6% of patients working in
agriculture, pinguecula in 11.6%, and conjunctival pigmentation in 23.3%. Cataract lens changes were observed in 78%
of workers as well.>* Although the presence of cataract or pterygium does not constitute an acute OEI, these conditions
may impact vision and increase the risk of incurring another non-ocular injury in the workplace.>

Agricultural OEIs are typically severe injuries and often cause complications that may necessitate further surgical
intervention or lead to permanent vision loss. Common interventions include corneal suturing, lensectomy, pars plana
vitrectomy, lacrimal canaliculi reconstruction, or a combination of these.”® Kikushima et al reported that 83% of patients
with an OEI required emergency ophthalmic surgery, and some required follow-up procedures.’” The study of OEIs in
Thailand found that after treatment, although vision did improve, 42% of those that suffered from OGIs had a final
BCVA of 20/400 or worse.>” This finding is supported by other evaluations that also found the highest severity of injury
among agricultural OEIs.” For instance, a study in Northern Italy examining work-related eye injuries found that the
longest recovery times occurred in agriculture (3.4 days) compared to industry (2.3 days) and services (2.1 days). Even
though the absolute number of agricultural OEIs was lower compared to industry, the frequency of injury was quite
similar.” The same study found that residual vision loss (RVL) was observed more frequently in agricultural injury claims
compared to non-agricultural claims, and a third of RVL cases resulted in bilateral vision loss greater than 4/20.° This can
often translate to a disproportionate economic impact of agricultural OEIs for agrarian communities, as their livelihoods
depend on their ability to farm, which is compromised by visual impairment.”® In communities lacking agricultural
mechanization, the value and necessity of each worker is heightened,” making the prevention of agricultural OEI

a critical objective.
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Other Occupational Eye Trauma

OEIs occur in a number of workplace settings beyond those commonly studied. For instance, the incidence of OEIs in
deployed military personnel is estimated around 10-16%>® with varied mechanism. The use of mustard gas, an alkylating
agent, can cause ocular surface complications and severe vision loss.”® In contrast, blast injuries can result in blunt
trauma or penetrating injury from IOFBs. Even with the use of eye protection, high rates of ocular trauma have been
reported among military personnel, with one study reporting 37% of ocular trauma to be bilateral.®® Delays in clinical
care for injuries that occur on the battlefield may also contribute to worse visual outcomes among military personnel.*’
Travor et al quantified the disability associated life years of ocular injuries among deployed US service members and
found significant burden associated with these OEIs.”®

OEIs have also been reported in service jobs and other industries.’>*' An examination of OEIs in 2019 by the US
BLS identified 24.8% occurred in the service industry, 17.0% in transportation, and 16.6% in production.” Within the
healthcare sector, regular use of protective eyewear can also reduce rates of injury and infection. Ekmekcioglu and Ulnur
reported on a range of ocular injuries that can occur within dentistry, affecting both healthcare practitioners and patients
during treatments, including from laser devices and high-speed drills that can create high-velocity FBs.®' Increased
exposure to radiation among healthcare workers can also increase risk of posterior subcapsular cataracts, underscoring
the need to promote adherence to protective eyewear in these settings.®> More broadly, an observational study of
healthcare workers found an incidence of 8 per 1000 in six months, with an even distribution of infectious and
noninfectious eye hazards.*> Among affected individuals, awareness of personal protective equipment and adequate
usage was relatively low (45% and 28%, respectively).®’

OEIs described in other occupations include within the food preparation,®® textile/garment,®> and transportation®®
industries. A survey of 300 restaurant workers found 29% reported symptoms of eye disorders, possibly attributed to high
temperatures and smoke as well as the use of different ingredients, chemicals, and detergents.®* In this cohort, only one
individual endorsed the use of protective eyewear.°* Ocular FBs have also been reported as sources of OEIs in food
preparation and textile/leather workers.®” Qualitative interviews with female garment workers highlighted frequent ocular
complaints among this population.®® Similarly, ocular symptoms are commonly reported among transportation workers.*®
Occupational transportation and traffic accidents occur outside of transport workers as well, and these injuries may also
carry significant extra-ocular morbidity.®” A study of 109 auto-workers in Nigeria found a high rate (73.3%) of OEIs,
most commonly from metal particles and petroleum or hydraulic 0il.*® Although only eight eyes had VA 20/60 or worse,
the majority (87.2%) of these autoworkers did not endorse using any eye protection at work.®

Unfortunately, there is a paucity of data available on OEIs in many of these sectors. A limitation of the literature on
OETIs is the varied reporting and classification of OEIs. Although the use of survey studies, chart reviews, and large-scale
database studies all provide unique insights, these different study designs can contribute to varied results. In addition,
stratification using different trauma scoring systems such as the Birmingham Eye Trauma Terminology or the Ocular
Trauma Score can also affect generalizability of studies. Standardization of reporting across different settings may
provide insights that can be better compared and analyzed. Similarly, greater investigation into occupational risks and
visual outcomes among these workers can elucidate how to best protect against these injuries.

Attitudes Towards the Use of Eye Protection

It has been well-documented that OEIs frequently occur in the absence of eye protection,'® and that the use of protective
eyewear is effective in reducing OEIs.?’ For instance, no eye protection was worn in 89.1%,> 78.6%,°” and 98%> of
individuals who suffered from OEls in some studies. Several barriers to the use of eye protection have been previously
identified and are summarized in Table 1. Punnonen'? described reasons workers were not using eye protection, including
the perception that the task was quick, user discomfort, and dislike of safety googles due reduced visual field. Poor fit and
goggle fogging have been raised as compliance barriers as well.”” In the United States, OSHA regulations mandate
precautions at the federal level, and state plans must be equally strict or stricter than the federal guideline.! However,
even with these regulations, lack of perceived need for eye protection is still a major factor contributing to low
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Table | Categorization of Major Reported Barriers to Protective Eyewear Use

Barrier Description Occupations
Perceptual and Low perceived risk; belief that task is quick or safe; lack of safety Industrial workers, American youth,
Behavioral Factors culture; inadequate hazard awareness'>*¢7!72 chemical workers, General laborers

13,70

Ergonomic Limitations | Poor fit, fogging, visual field restriction, discomfort during tasks Industrial and construction workers

Access and Cost Limited availability; high purchase cost; use of inadequate Welders, industrial and factory workers
Constraints substitutes?®?%3773.74

Regulatory and Lack of mandatory enforcement, weak monitoring, inadequate audits, | Construction and industrial workers
Institutional Gaps limited workplace training'””

Sociocultural and Limited training or education on eye safety; minimal public health American youth, factory workers, cocoa
Educational Barriers emphasis?®37 717374 farmers

compliance.?” Industry-specific education that enables workers to identify hazards and understand the potential con-
sequences of working without protective gear may help promote compliance.”

In populations of workers that have access to eye protection, other obstacles can preclude their use. A US-based
survey study of youth (ages 14-24 years old) highlighted possible gaps in public health education, where individuals had
generalized eye safety concerns around screen time and UV light, but little concern towards and eye protection use for
sport or work activities.”' Outside of the US, significant variation in both safety regulations and access to eye protection
impacts OEI rates. A survey of welders in Ghana found that the majority of workers did not use eye protection because it
was not mandatory and they had never received safety training, even though they had access to the equipment.’’ In
contrast, a 2019 survey of industrial workers in Ethiopia found eye protection access to be a significant problem, with
almost 70% of employees using sunglasses as their sole eye protection. In the same survey, the majority of individuals
reported lack of access in the workplace and agreed that that purchase was too expensive.?’ Similarly, a survey of factory
workers in Nepal found that almost three-quarters of employees denied ever wearing eye protection while working,
although 38% reported having experienced at least one ocular injury at work.?® Of these individuals, not all (86%) sought
medical treatment.”® In addition, despite the existence of labor laws in India, a review of OEIs among construction
workers has found low compliance in the setting of the lack of safety norms, audits, and monitoring by regulatory
bodies.!” Limited data on some cohorts, such as the manufacturing sector, can also limit efforts to increase accessibility
and change the culture around eye protection use.'’

Kyriakaki also examined barriers to protective eye equipment among individuals of different lines of work and
nationalities and found varying obstacles.'® For instance, lack of funds was highlighted among cocoa farm workers in
Ghana,”>”* while lack of risk awareness was observed among chemical workers in China.*® Among foreign employees
working in industrial roles, inadequate and incorrectly fitted protective eyewear was present in the workplace.”>’®
A general review of occupational accidents in Nordic countries also emphasized that poor safety culture often contributes
to workers feeling rushed and with minimal control over the working pace.”” This may exacerbate the lack of safety

culture in some settings.

Interventions to Increase Eye Protection Use

Different interventions have been tested to increase adherence to protective eyewear, although large-scale results with
statistically significant differences have not yet been demonstrated, especially in recent years.”””’® Such programs often
incorporate multiple components, including education on safety practice, free protective eyewear, periodic vision
screening, and the institution of safety guidelines. Although increases in adherence were often observed at the start of
each study, compliance generally wanes over time. Some behavioral interventions, such as disciplinary actions for
noncompliance, may increase the use of eye protection; however, because various studies measure different endpoints at

different times, the long-term effects of these interventions may be difficult to determine.”’
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Other efforts, such as those focused on standardizing protective eye gear and simplifying regulations, may improve
compliance and reduce rates of OEIs.”® As lens material technology improves and more data has become available on the
mechanisms by which OEIs occur, eye protection design has shifted to a more comprehensive approach. Rather than
a focus on specifying individual materials or components, current standards prioritize overall performance, including
such as impact resistance, UV protection, and coverage of the ocular adnexa.”® This promotes better eye protection
design and helps employers select gear that meets safety requirements without sacrificing comfort or usability.

Emerging technologies may also be used to enhance compliance with safety regulations. Several new innovations
have allowed employers to track utilization of safety equipment. For instance, the DBI-SALA Smart Lock Connected
SRL technology, produced by 3M Technologies (Minnesota, USA), uses integrated sensors and Bluetooth to assist with
tracking compliance and incident reporting.”® This not only allows employers to identify areas with low usage of safety
equipment but also streamlines the monitoring process. However, updated data piloting these new interventions is
necessary to assess their efficacy. In addition, evaluation of other factors affecting eye protection availability and use
may also provide insights into worker behaviors. For instance, although OEIs decreased during the COVID era,*
investigation into the cause of this change (decreased work or greater use of personal protective equipment), can be
beneficial to continue to reduce OEIs in the post-COVID era.

Conclusion

Despite ongoing regulatory and educational efforts, OEIs continue to pose a significant source of ocular morbidity across
a wide range of industries. Although most common in young males, the spectrum of OEls occurring in these settings is
broad, and their etiologies are variable. High risk sectors, including construction, manufacturing, metalworking,
agriculture, and occupations requiring chemical-handling, each present with unique hazards that require tailored preven-
tion strategies. For instance, while industrial, construction, and agricultural settings expose employees to OGI risk, those
with a chemical etiology are more likely to have a bilateral injury and worse subsequent morbidity. Although many OElIs
are preventable, barriers to eye protection use persist, ranging from access to ergonomic challenges. Even with variations
in reported injury rates and protective eyewear use in different occupations, the literature uniformly highlights persistent
occupational hazards causing OEIs. Regulatory mandates, education, and new technological innovations may have a role
in improving adherence to protective eyewear, but sustained impact remains a challenge. Industry-specific safety training
may further reduce the incidence and severity of OEIs. However, there remains a gap in the literature regarding the
epidemiological and outcomes of OEIs in some fields. Future studies may investigate long-term outcomes and disparities
in access to safety resources, which can inform more effective prevention strategies. Greater investment into improving
safety culture and awareness may improve worker health and ultimately reduce the burden of OEIs.
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